A simple system has been designed enabling ultrasensitive on-line detection of fluorescently labelled macromolecules, e.g. nucleic acids, proteins and peptides during electrophoretic separations in gels. An important application is the automated DNA sequence determination without radioactivity. Drying of gels, film exposure and handling are not necessary. A sulphydryl containing M13 sequencing primer has been synthesised and end-labelled in a reaction with fluorescein iodoacetamide. This is then used in the dideoxy reactions.
INTRODUCTION
Electrophoretic separations of macromolecules in gel sieving media have become a versatile technique in all laboratories. In a standard procedure, the sample is applied to the gel and macromolecules are separated due to their difference in molecular weight. Modern analytical micro-methods use very small amounts of materials and their fast and reliable detection becomes a limiting factor. Until recently, radioactive labelling has been the most sensitive technique used in DNA sequencing [1, 2] . After the separation run, the gel mold is dismantled, gel dried, film is applied and exposed (for about a day or more) to obtain sufficient film darkening allowing detection of bands on the autoradiogram and determination of DNA sequence. Silver staining has been used extensively for detection of DNA and protein bands in gels [3] down to 1CT 13 -10 -14 mol per band, but this method fails at still lower concentrations in the range of 10 -16 -10^1 7 mol per band, which are required in the DNA sequencing methods.
Time for detection of the separated macromolecules can be significantly shortened when they are fluorescently labelled and detected in the gel already during the electrophoresis, transferring the information directly into a computer, without gel drying,
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film exposure, handling and analysis. In one method [4] , four fluorescent dyes are used, each to mark one of the bases which are then co-electrophoresed and detected in one gel tube. In spite of the obvious attraction of this method, there seem to be drawbacks associated with it, namely variations in the electrophoretic mobility due to different dyes, spectral overlap of the dyes, additional software needed to correct these problems and a need for moving parts in filtering or scanning.
In our first automated device [5] [6] [7] , tetramethylrhodamine has been chosen as a single fluorophore for the four bases. DNA sequences are determined in the gel during electrophoresis and read directly into a computer. The chemistry for preparation of the fluorescent primer is reliable and straightforward, and moreover the preparation of the sequencing samples is less expensive compared to the method using radioactive labels. The where the excitation laser beam traverses glass within the light collecting field. In this paper we describe improvements in sensitivity, resolution and design of the instrument for the automated DNA sequencing method [5] [6] [7] , with fluorescein as the fluorescent dye for the four bases.
DISCUSSION AND RESULTS
The structure of the fluorescent primer Is illustrated in Figure Raw data output from a total sequencing run with a 20 cm separating length, 7% polyacrylamide gel, displayed until base number 310 read from the gel. The profile depicts parts of the sequence of the recombinant M13mp8fJSV containing a rabbit 6-globin/Simian Virus 40 (SV40) fusion gene inserted between the Ace I and Eco Rl sites of M13mp8 [8] .
The sequence reading starts at position 6287 of M13 sequence [9] and immediately runs through the Hind III and Pst I sites of the M13mp8 polylinker into the rabbit B-globin sequence from position 310 (Taql site) to position 19 [10] .
sequence decision. A display of raw sequencing data output from the detector is shown in fact that the longer DNA fragments migrate more slowly, but they are concentrated in narrower bands, so that the time for a fragment to pass by the detector remains virtually unchanged. The automated data analysis will make possible a quantification of interband distances and relative band intensities, and will enable the formulation of a set of rules sequence, the labelling is sufficient. The use of the 5'-terminally labelled fluorescent primer has no effect on hybridisation and does not interfere with the sequence determination. The use of fluorescent dyes absorbing and emitting at wavelengths above 400nm is advantageous, due to very low background caused by Raman emission from the gel, which increases drastically at shorter wavelengths.
We have tested laser power in the range i-60mW, which is suitable for the fluorescein label. Due to the high optical transparency of the gel only a negligibly small fraction of the incident light energy is absorbed. The low laser power required makes possible the use of smaller air-cooled lasers at a lower price. The present detection limit in the gel, determined at a signal to noise ratio of 2:1, is about 3 x 10" 1^ mol per band.
Photo-bleaching of the fluorescent dye occurs during its passage through the laser beam.
To some extent, this may improve the resolution, as the bleached band interferes less with the band following it. The plane of polarisation of the laser beam was rotated from vertical to horizontal in order to minimize the light scattered towards the detectors.
Agarose gels were tested in the set-up and could also be used as the separating medium.
The length of the separating gel is 20 or 30cm, but even shorter gels may be used for resolution of 300-350 bases. Laser light energy absorbed per band is negligible so that theoretically many hundreds of tracks could be run in parallel. The laser beam traverses smoothly the 20 cm wide gels, making possible simultaneous sequencing of six samples, and a version for ten samples is in preparation.
The accuracy in the sequence reading is limited mainly by occurance of false bands.
To obtain best results with the automated method, the DNA sequencing samples must be of high and reproducible quality. Therefore, automation of the sample preparation techniques will be an important step in the efforts to automate the DNA sequencing methodology. Aquapore RP-300 column using 0.1 M triethylammonium acetate pH7/acetonitrile as eluant. The fully purified fluorescein labelled primer, see Figure 1 for structure, was desalted by dialysis and stored in the dark at -20°C. The final yield of dye labelled primer was 15% based on the S-trityl material. In an identical fashion, eosin labelled primer was obtained in 27% overall yield.
EXPERIMENTAL

Preparation of Sequencing samples
Single-stranded M13 phage DNA was prepared using standard techniques [12] . Since 
Instrumental design
Design of the instrument has been described in [5] . In the present system, the beam of an Acquisition and processing of the raw sequencing data is controlled by an IBM PC microcomputer. Raw data from the detector may be displayed on a printer for control purposes during a sequencing run.
Electrophoresis
Electrophoresis was carried out as described in [5] . Since the sequence is deduced from the mutual position of bands in four adjacent tracks thermostated gels without pattern distortion [13] are advantageous for a simple analysis. Generally, 5-10% (total monomer concentration) polyacrylamide-urea gels of dimensions 150-200mm wide, 200-300mm separating length, and 0.5mm thick were used. Even shorter gels (100-150mm) may be used in the system. The gel was mounted securely in a vertical position.
The normal marker dyes used in sequencing gels are strongly absorbing and fluorescing at the wavelengths used, and so were replaced by the fluorescent primer as marker. Volumes loaded on the 0.5mm gels (see under sequencing reactions above) were about twice those loaded on the standard 0.2 -0.3mm thick sequencing gels [14] .
Electrophoretic runs were performed at 1000 -1500V (about 40V/cm) and 50°C, with the dissipated power limited to 30 watts. 
